We have been developing and studying an alcoholic fermented beverage produced from a raw purplefleshed sweet potato cultivar (Ipomoea babatas cv. Ayamurasaki) containing high amounts of anthocyanin. In this study, we investigated the relationship between the anthocyanin content and aroma of the beverage and its manufacturing process. When raw sweet potatoes were allowed to stand for + h at /ῌC or -*ῌC between grinding and the initiation of fermentation, the anthocyanin content of the resulting beverage was considerably lower than that of an otherwise identical beverage produced from sweet potatoes ground immediately before fermentation. With that in mind, we investigated the e#ect of pH on maintenance of the anthocyanin content of ground sweet potato and found that decreasing the pH to -.* with citric or lactic acid made it possible to allow the ground sweet potatoes to stand for -h at -*ῌC before starting fermentation, without any loss of anthocyanin. Moreover, the addition of citric acid led to the production of large amounts of higher alcohols such as isoamyl alcohol and isobutyl alcohol. These findings suggest that citric acid has desirable e#ects on both the color and the aroma of the alcoholic fermented beverage produced from raw purple-fleshed sweet potato.
Introduction
To increase the production of sweet potatoes and encourage local industry in the Kyushu region of Japan, we have developed a physiologically functional alcoholic fermented beverage produced from a purple-fleshed sweet potato cultivar that has a high content of anthocyanin, a multiply physiologically functional pigment. A new variety of sweet potato with deep purple flesh, called "Ayamurasaki," has been approved for food processing by the National Agricultural Research Center for KyushuOkinawa Region (KONARC) (Yamakawa, +330 ; Oki et al.,  ,**,). Various characteristics of "Ayamurasaki," such as antioxidant activity (Furuta et al., +332) and antimutagenicity (Yoshimoto et al., +333) , have been reported, and various processed foods made from "Ayamurasaki," such as yogurt, juice, chips, and a beer-like drink, have been marketed. In a previous paper, we reported that the anthocyanin content was higher in an alcoholic beverage produced from cooked purple-fleshed sweet potato than in a beverage produced from raw sweet potato (Saigusa et al. , ,***). We hypothesized that the di#erence in anthocyanin content was caused by the action of a discoloration enzyme, such as polyphenol oxidase, or an enzyme that causes deacylation in sweet potato. Also, in a previous paper, we reported that the DPPH radical scavenging activity and antimutagenicity of an alcoholic beverage made from purple-fleshed sweet potato were decreased by the discoloration of anthocyanin (Saigusa et al., , **0) . Thus, methods of maintaining the anthocyanin content without discoloration are necessary for the successful commercialization of this product. On the other hand, in the previous paper, we reported that the alcoholic fermented beverage produced from raw purple-fleshed sweet potato had a higher-quality aroma than that using cooked sweet potato, and the aroma resembled that of wine. Additionally, the volume of the beverage using raw sweet potato was greater than that when using cooked sweet potato and the production of lees was less. Also, fermentation with uncooked sweet potato was energy-e$cient (Saigusa et al., ,***). Consequently, in this study, we investigated the relationship between the anthocyanin content and the quality of aroma of the beverage using raw sweet potato and its manufacturing process.
Materials and Methods
Materials Purple-fleshed sweet potatoes of the cultivar "Ayamurasaki" were obtained from KONARC. Yeast commonly used in wine making (Wine No. . yeast) was purchased from The Brewing Society of Japan and used in conjunction with Saccharifying agent AN-, (a glucoamylase preparation originating from Aspergillus niger), a product of Shinnihon kagaku kogyo Co. ltd. (Japan), in the brewing process. Other reagents were of analytical grade.
Manufacturing of the beverage Raw purple-fleshed sweet potato was peeled, ground, and used as the material to be fermented. In other trials, the same cultivar was cooked for + h in a steamer before peeling, grinding, and fermentation. In some trials, raw ground sweet potatoes were allowed to stand for +, ,, or -h at /῏C or -*῏C before starting fermentation. The test beverages had an ethanol concentration of +* (῍ v/v). Eighty grams of purplefleshed sweet potato, *.+ g of glucoamylase preparation AN-,, .* ml of water, and yeast (concentration in initial broth +.*῍+* 2 cells/ml) were dispensed into a -**-ml Erlenmeyer flask with a gas trap. The pH of the initial broth was adjusted with lactic acid, and fermentation was carried out at ,/῏C. The flask, the weight of which decreased as carbon dioxide gas was produced, was weighed every ,. h. Fermentation was left to continue until the production of carbon dioxide came to a halt. The broth was then filtered through gauze, the filtrate centrifuged (-,*** rpm῍/ min), following which, the supernatant was filtered through filter paper (ADVANTEC Toyo +*+, Japan). The filtrate was used as the test alcoholic beverage ( Fig. +) .
E#ect of pH on maintenance of anthocyanin content in sweet potato Twenty milliliters of extract from raw purple-fleshed sweet potato was added to .* ml of cooked sweet potato extract in which discoloration enzyme had been inactivated. The absorbance at /-* nm of the reaction mixture was determined after ,. h at -*῏C. In other trials, ,* ml of extract from raw sweet potato that had been heat-treated in boiling water for +* min was added to .* ml of the same cooked sweet potato extract. Each extract from raw or cooked purple-fleshed sweet potato was prepared as follows : ,/ g of ground raw or cooked sweet potato was dispensed into +** ml of McIlvaine's bu#er (pH -.*, ..*, /.*, or 0.*), allowed to stand for ,. h at / ῏C, and filtered through filter paper (ADVANTEC Toyo No. /C).
Fermentation test with maintenance of anthocyanin content Eighty grams of peeled, ground raw or cooked purple-fleshed sweet potato was used as the fermentation material. The method of making the alcoholic beverage was as stated above. We compared the quality of five types of alcoholic beverages : beverage produced from cooked sweet potato, with a standing time of * h (alcoholic beverage I) ; beverage produced from raw sweet potato, with a standing time of * h (alcoholic beverage II) or -h (alcoholic beverage III) ; and beverage produced from raw sweet potato, adjusted to pH -.* during the standing period (-h) by use of +* ml lactic acid (,.. M) (alcoholic beverage IV) or +* ml citric acid (+.-M) (alcoholic beverage V). All standing temperatures were -*῏C ( Table +) .
HPLC analysis Anthocyanins were analyzed using a SHIMADZU (Kyoto, Japan) liquid chromatograph equipped with a CTO-+*AC column oven and a SPD-+*AV UV-VIS detector. Analytical HPLC was performed in an ./) and filtered through DISMIC-+-HP (ADVANTEC). Twenty microliters of the filtrate was injected into HPLC. Determinations were made in duplicate. Anthocyanins in the alcoholic beverage were confirmed by comparison of retention time to a reliable standard (Terahara et al., +333) .
Another analysis The composition and aroma components of the alcoholic fermented beverages were determined by the method previously reported (Saigusa et al., ,***). The amount of total phenols in alcoholic fermented beverage were determined according to the FolinCiocalteu procedure (Singleton et al., +333 ; Hamasaka et al., , **.) . The samples for analysis of absorbance were prepared as follows : the alcoholic beverage was diluted +* -fold with McIlvaine's bu#er (pH -.*) and filtered through a cellulose acetate membrane filter (diameter, .1 mm ; pore size, *., mm ; ADVANTEC). The filtrate was used for analysis of absorbance with a BECKMAN DU-1 spectropho- tometer (BECKMAN, USA) . Color values (L, a, and b) of the alcoholic beverage were measured with a ZE,*** colorimeter (Nihon Denshoku Kogyo Co. Ltd., Japan).
Results and Discussion
E#ects of standing conditions on characteristics of the beverage We investigated the e#ects of standing conditions, such as temperature and time, during the period between grinding of the potatoes and initiation of fermentation, on characteristics of the alcoholic beverage. There were no di#erences in CO, output for all standing conditions (data not shown). However, the beverage produced from sweet potatoes that had stood for + h after grinding was markedly discolored, independent of standing temperature ( Table ,) . We hypothesized that the discoloration was due to the action of an anthocyanin disintegration enzyme such as polyphenol oxidase and an enzyme that causes deacylation. By grinding the potatoes, polyphenols, such as anthocyanins, may be oxidized or deacylated, and absorbance at /-* nm, which indicates anthocyanin content, may be decreased. We previously reported (Saigusa et al., +33. ; Ueda et al., +33+) that anthocyanins in red rice (Oryza sativa var. Indica, Tapol), which were not acylated (Terahara et al., +33.) , were decolorized by b-glucosidase fractionated from a commercial glucoamylase preparation AN-, and released sugar. Huang (+3//) reported that the decolorization process of anthocyanins by fungal enzymes involves an enzymatic hydrolysis of the anthocyanin to anthocyanidin and sugar and a spontaneous transformation of the aglycone (anthocyanidin) into colorless derivatives. Therefore, we hypothesize that deacylated anthocyanins, produced by enzymes, in raw purple-fleshed sweet potato roots were decolorized by b-glucosidase in AN-, during the making of our test beverage prepared from raw roots. Discoloration was slightly less with a standing temperature of /ῌC rather than -*ῌC. However, it was di$cult to repress discoloration by temperature control. The color tone of the beverages was evaluated by Hunter value using a colorimeter ( Table -) .
As indicated by the color values of L, a, and b, the color of the alcoholic beverage changed from a deep to light red as standing time increased. These results were caused by discoloration of anthocyanin and were especially noticeable at -*ῌC.
Repression of discoloration by pH control Figure , shows the e#ect of pH on the discoloration of anthocyanin. At pH 0.*, the reaction mixture with added raw sweet potato extract was discolored ,-ῌ after ,. h. However, the reaction mixture was not discolored at pH -.*. On the other hand, the reaction mixtures with added heat-treated extract did not discolor at any of the tested pH values (pH -.*, ..*, /.*, and 0.*). From these results, it was speculated that the discoloration of alcoholic beverages produced from sweet potatoes that had been allowed to stand before starting fermentation, was caused by enzymes in the raw potato. And it was appeared that decreasing the pH to -.* made it possible to control the decolorization. Lourenco et al. (+33, ) reported that the optimum pH of polyphenol oxidase extracted from sweet potato root [Ipomoea batatas (L.) Lam] varies from ..* to 0./ depending on the substrate. Therefore, we investigated the e#ect of pH by using five types of beverages. The CO, output of five types of mash during fermentation is shown in Fig. - . Alcoholic beverage I finished fermenting most quickly. The other alcoholic beverages (II-V) showed the same pattern of CO, output. Therefore, we compared the absorbance of the alcoholic beverages. Table - . E#ects of standing temperature and time on Hunter-values of alcoholic fermented beverages produced from purple-fleshed sweet potato. Table , . E#ects of standing temperature and time on absorbance at /-* nm of alcoholic fermented beverages produced from purple-fleshed sweet potato. Absorbance at /-* nm, which reflects anthocyanin content, of beverages II and IV was highest, followed by beverages I and V ( Table .) . From these results, it was confirmed that the anthocyanin content of ground purplefleshed sweet potato can be maintained for -h at -*ῌC by pH control with lactic acid or citric acid. Figure . shows the structure of anthocyanin, as confirmed in this study. Figure / shows the HPLC peak area of each anthocyanin in alcoholic beverages IV and V. Alcoholic beverage IV contained large amounts of diacylated anthocyanins, compared with alcoholic beverage V. However, alcoholic beverage V contained large amounts of non acylated anthocyanins, compared with alcoholic beverage IV. These di#erences were confirmed in peonidin aglycone rather than cyaniding aglycon. These results indicate that the anthocyanin content of alcoholic beverage V was slightly low compared with alcoholic beverage IV. This suggests that lactic acid can repress the action of a deacylation enzyme, however, citric acid is unable to do so to the same degree. Furthermore, nonacylated anthocyanin may not be stable when compared with diacylated anthocyanin. When nonacylated anthocyanin was discolored by b-glucosidase in glucoamylase preparation AN-, (Saigusa et al., +33.) , discoloration may have occurred in beverage V. From these findings, it was apparent that the total phenol content in alcoholic beverage V was relatively low, too. However, citric acid was useful for maintaining anthocyanin content. Furthermore, we analyzed another quality of the beverages (Tables / and 0). We previously reported that the amount of filtrate from alcoholic beverages from raw sweet potato is larger than that from cooked sweet potato (Saigusa et al., ,***). In this study, we obtained the same results. However, the acidity of alcoholic beverages IV and V was high, making the beverage too sour to drink. However, alcoholic beverage V had large amounts of higher alcohols, such as isoamyl alcohol and isobutyl alcohol, and had the best aroma among the beverages. We concluded from these results that citric acid had a desirable e#ect on the production of higher alcohols. All of our results, considered as a whole, indicate that citric acid has desirable e#ects on both color and aroma. It was necessary to improve the process of making an alcoholic beverage from raw sweet potato. However, the results of this study have led to an expectation of development of an alcoholic beverage with the recovery function from physical fatigue of citric acid in addition to the physiological functions of anthocyanin. Table . . Absorbance at /-* nm of five types of alcoholic fermented beverages produced from purple-fleshed sweet potato with various standing conditions. 
